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Description 

[0001] The present Invention relates to a photocurable hyaluronic acid derivative and a process for producing the 
photocurabte hyaiuronic acid derivatlvei and a photocured crossllnked-hyaluronic acid derivative and a medical material 
using the photocured crossllnked-hyaluronic acid derivative. 

[0002] Conventionally, there are known techniques for enhancing an in vjvo retentivlty of hyaluronic acid by subjecting 
the hyaluronic add derivative to crossllnking reaction to control a biodegradabllity thereof (JP-W 3-503704(1 991 ): the 
term "JP-W as used herein means an "unexamined published Japanese International patent application"). There has 
been already proposed the method capable of simply conducting a crosslinking reaction of hyaluronic acid and readily 
removing unreacted crosslinking groups for ensuring a high safety by using a crosslinking group (photoreactive 
crosslinking group) having a photoreactive residue (JP-A 6-73102(1994), JP-A 8-143604(1996) and JP-A 9-86336 
(1997): the term "JP-A" as used herein means an "unexamined published Japanese patent application"). 
[0003] When a photoreactive crosslinking group is bonded to hyaluronic acid to convert the hyaluronic add Into a 
photocurable hyaiuronic acid derivative, a hydroxyl or carboxyl group of the hyaluronic acid is substituted with the 
photoreactive crosslinking group, so that an inherent hydrophilic property of the hyaiuronic acid is deteriorated. The 
deterioration of the hydrophilic property of the hyaluronic acid adversely affects Its molecular dlspersibility in an aqueous 
solvent upon fomiing an aqueous solution thereof. When the photocurable hyaluronic acid derivative Is photo- 
crosslinked for using as drugs or medical equipment, it Is preferred that an aqueous solution of the photocurable hy- 
aluronic acid derivative is preivlousiy filtered through a microfiiter, etc., for sterilization, removal of foreign matters and 
the like. For this purpose, it Is required to prepare such an aqueous solution in which the photocurable hyaluronic add 
derivative Is suffidentiy dissolved. Therefore, the above deterioration of the hydrophilic property caused upon conver- 
sion Into the photocurable hyaluronic add derivative is disadvantageous. 

[0004] As a result of the present inventors' earnest studies for solving the above problems, It has been unexpectedly 
found that when the photocurable hyaluronic acid derivative having a photoreactive crosslinking group bonded thereto 
is treated with alkali such as sodium hydrogen carbonate, the hydrophilic property thereof, can be considerat>ly en- 
hanced. The thus alkali-treated photocurable hyaluronic acid derivative has a high hydrophilic property as compared 
to the untreated one and, therefore, can show unexpected properties such as high molecular disperslbiiity in an aqueous 
solvent upon forming an aqueous solution thereof. The present invention has been attained on the basis of this finding. 
[0005] An object of the present Invention is to provide a photocurable hyaluronic acid derivative caiaable of exhibiting 
a high hydrophilic property and having an improved filterability of the aqueous solution thereof. 
[0006] Another object of the present Invention Is to provide a photocured crossllnked-hyaluronic add derivative pro- 
duced by subjecting the photocurable hyaluronic add derivative to photoroactive crosslinking, and a medical material 
comprising the photocured crossllnked-hyaluronic acid derivative. 

[0007] To accomplish the aims, in a first aspect of the present invention, there is provided a photocurable hyaiuronic 
acid derivative comprising hyaluronic add and a photoreactive crosslinking group bonded thereto, wherein a 1.0 wt 
% aqueous solutiori of the photocurable hyaluronic add derivative, which is obtained by dissolving the solid photocur- 
able hyaiuronic acid derivative in an aqueous solvent, is capable of penetrating a porous filter having a pore size of 
0,45 nfh and a diameter of 25 mm at a rate of not less than 2 ml/mlnute at 24**C under a pressure of 5.0 Kg/cm^. 
[0008] In a second aspect of the present Invention, there is provided a process for producing a photocurable hy- 
aluronic acid derivative which comprises treating an aqueous solution of hyaluronic add having a photoreactive 
crosslinking group bonded thereto with alkali. 

[0009] In a third aspect of the present invention, there is provided a photocured crossilnked-hyaluronic add derivative 
produced by irradiating the photocurable hyaiuronic acid derivative with ultraviolet rays. 

[0010] In a fourth aspect of the present Invention, there Is provided a photocured crossllnked-hyaluronic add deriv- 
ative solution produced by irradiating an aqueous solution of the photocurable hyaluronic add derivative with ultraviolet 
rays, wherein the photocured crosslinked-hyaluronic acid derivative aqueous solution having a concentration of 1.0% 
by weight is capable of fomning a continuous thread having a length of not less than 3 cm which is fomied without 
break from a tip open end of an 23-gauge injecUon needle when extruded from the injection needle at 24*»C at a rate 
of 0.2 ml/second In the direction of 45** downward from a horizontal direction. 

[0011] In a fifth aspect of the present invention, there is provided a medical material comprising the photocurable 
hyaluronic add derivative. 

[0012] In a sixth aspect of the present Invention, there is provided a medical material comprising the photocured 
crosslinked-hyaluronic add derivative. 

[0013] The present invention will be described in detail below. 

[001 4] First, the process for producing photocurable hyaluronic add derivative of the present invention Is described. 
[001 5] In the present Invention, the photocurable hyaluronic add derivative can be produced by treating an aqueous 
solution of hyaluronic acid derivative having a photoreactive crosslinking group bonded thereto with alkali. 
[0016] The hyaluronic acid used herein Is not partlculariy restricted, and there may be generally used those derived 
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from natural substances, preferably from the vertebrata or microorganism. The hyaluronic acid has a weight-average 
molecular weight of usually 400,000 to 10.000.000. preferably 600,000 to 6.000,000. The carboxyl group of the hy- 
aluronic acid may be present in any form, e.g., in the form of a salt such as alkaline metal salt or alkaline earth metal 
salt. Among these salts, sodium salts or potassium salts are preferred. 

5 [0017] The photoreactive crosstinking group (i.e., crosslinking group having a photoreactive residue) may be bonded 
to the position of a carboxyl group or hydroxyl group of the hyaluronic acid, preferably to the position of the carboxyl 
group because the Introduction reaction of the photoreactive crosslinking group into the carbo)^ group is more readily 
caused. The photoreactive crosslinking group may be any residue of compounds capable of undergoing a photodlmer- 
ization reaction or a photopolymerizatlon reaction by Irradiation with ultraviolet rays. Specific example of the compounds 

10 capable of forming the above-mentioned photoreactive residue may include cinnamic acid, substituted clnnamlc acids 
such as amlnoclnnamic acid (I.e., cinnamic acid In which any of hydrogen atoms bonded to Its benzene ring Is substi- 
tuted with an amino group), preferably p-amlnodnnamic acid, acrylic acid, maleic acid, fumaric acid, sorbic acid, cou- 
marin, thymine or the like. Among these compounds, preferred are those compounds having a vinylene group capable 
of forming a cyciobutane ring by light InBdIatlon, and cinnamic acid or substituteid cinnamic acids (espedaiiy aminoo- 

15 innamic acid) are more preferred from the point of view photoreactivity and safety, in addition, In order to effectively 
prevent the hyaluronic acid from being adversely affected by the photoreactive residue, it is preferred that the photo- 
reactive residue is bonded to the hyaluronic acid through a spacer. Therefore, clnnamlc acid derivatives or substituted 
cinnamic acid derivatives having such a spacer bonded thereto are most preferably used as the photoreactive crosslink- 
ing group. 

20 [001 8] Specific examples of the most preferred pliotoreactlve crosslinking groups may include aminoalkyi cinnamate 
derivatives obtained by ester-bonding an amino alcohol represented by the fonnula: H2N-(CH2)n*OH or i-l2N-(CH2- 
0)m-CH2-OI-l, wherein n Is 1 to 18 and m is 1 to 9, to the carboscyl group of cinnamic add 
(Ph-CH=CH-CO-0-(CH2)n-NH2. Ph-CH=CH-CO-0-(CH2=0)„,-NH2. wherein n and m are represented above, Ph rep- 
resents a phenyl group); cinnamic acid derivatives to which a diamine represented by the formula: H2N-(CH2)i-NH2, 

25 wherein 1 is 1 to 10, or a diol represented by the formula: HO-(CH2)k-OI-1. wherein k is 1 to 10, is introduced to the 
carboxyl group of clnnamlc add (Ph-CH=CH-CO-NH-(CH2)rNH2, Ph-CH=CH-C0-0-(CH2)k-0H, wherein 1 , k and Ph 
are represented above); substituted cinnamic add derivatives obtained by Introducing an amino add represented by 
the fonmula: i-IOOO(CI-IR)pNH2, wherein J is 1 to 10 and R is side chain of amino add peptide, etc., into substituted 
dnnamic adds such as aminodnnamic add (HOOC-CH=CH-Ph-NH-CO-(CH2)j-NH2. HOOC-CH=CH-Ph-NH-(Pep- 

30 tide), wherein R, ] and Ph are represented above); or the like. Among these photoreactive crosslinking groups, the 
aminoalkyi dnnamate derivatives obtained by introducing an amino alcohol Into the carboxyl group of cinnamic acid 
are espedaiiy prefenred. The number n of the above fonnula representing the amino alcohol Is preferably 1 to 18, more 
preferably 3 to 6, still more preferably 3 to 4. In particular, when the aminoalkyi dnnamate is used as the photoreactive 
crosslinking group, the amino group of the aminoalkyi moiety and the cart)oxyl group of the hyaluronic add constitute 

35 an amide bond through which the photoreactive crosslinking group is bonded to the hyaluronic add. 

[0019] As the method of produdng the hyaluronic acid having the photoreactive crosslinking group bonded thereto, 
there may be exemplified a method using a water-soluble condensing agent such as water-soluble carbodlimide. e.g., 
1 -ethyl-3-(3-dimethylamlnopropyl)carbodilmide hydrochloride (EDCWHCI), 1 -cyclohexyl-3-(2-morphollnoethyl)carbod- 
llmide-metho-p-toluenesulfonate. 1 -cyclohexyl-3-(2-morphollnoethyl)carbodiimlde hydrochloride and the like; a meth- 

^ od using an auxiliary condensing agent such as N-hydroxysucclnlmide (l-IOSu) and N-hydroxybenzotrlazole (HOBt) in 
addition to ttie above condensing agent; active esterffication metiiod; add anhydride method; or the like. Among these 
methods, prefened are those conducted in the presence of an aqueous solvent, 1.6., the methods using the water- 
soluble condensing agent or the combination of the reaction assistant and the water-soluble condensing agent As the 
aqueous solvent, there may be used water solely or a mixed solvent composed of water and a water-miscible organic 

45 solvent such as dioxane, dimethylformamide (DMF), acetone, alcohol (e.g. methanol, ethanol. etc.) and the like. 

[0020] Meanwhile, In the present Invention, the degree of substitution of the photoreactive crosslinking group Incor- 
poreted Into hyaluronic acid (DS), which may be measured by the method described in Examples below, is usually 0.3 
to 30%, preferably 1 to 20%, more preferably 2 to 10%. The degree of substitution of the photoreactive crosslinking 
group may be appropriately varied or acQusted by coritroiling moles of the hyaluronic add and photoreactive crosslinking 

so group to be reacted with each other. The molecular weight of the obtained photocurable hyaluronic add derivative 
varies depending upon the introduction percentage of the photoreactive crosslinking group, and Is usually 400,000 to 
10,000.000. preferably 600,000 to 6,000,000. 

[0021] An aqueous solution of the photocurable hyaluronic acid derivative can be produced by treating an aqueous 
solution of hyaluronic acid derivative having the photoreactive crosslinking group bonded thereto, preferably a reaction 
55 solution obtained after introducing the photoreactive crosslinking group Into hyaluronic acid, with alkali. The alkali used 
is not particularly restricted, and may be In the fomi of either organic or inorganic salts. In the consideration of treatment 
In tiie aqueous solvent, the use of the inorganic alkali salts Is preferred. Among these inorganic alkali salts, weak alkali 
salts such as sodium hydrogen carbonate and sodium carbonate are more suitably used as compared to strong alkali 
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salts such as sodium hydroxide since such weak alicail salts have a less influence on conversion of photoraactive 
hyaluronic acid derivative Into low-molecular compounds or decomposition of the crosslinking group. Here, the alkali 
treatment may be conducted at a pH value of usually 7.2 to 11 , preferably 7.5 to 1 0. 

[0022] The amount of the alkali used and the alkali-treating time may be appropriately controlled depending upon 
5 the aimed hydrophllic property (i.e., filtratablllty as described below). For example, when sodium hydrogen carbonate 
is used in an amount of 500 mg based on 1 g of hyaluronic acid (i.e., in a molar amount 10 times or more the mote of 
hyaluronic acid), the alkali treatment may be conducted for 2 to 3 hours under stirring, thereby obtaining the photocur- 
able hyaluronic acid derivative having a sufficiently enhanced hydrophllic property. 

[0023] The thus prepared photocurabie hyaluronic acid derivative may be subjected, if required, to neutralization 
10 using an organic acid such as acetic acid, or Inorganic acid, and then to various post-treatments ethanol precipitation, 
ethanol washing and drying, thereby enabling the photocurabie hyaluronic acid derivative to be Isolated. 
[0024] Next, the photocurabie hyaluronic acid derivative having an enhanced hydrophllic property according to the 
present Invention is described in detail below. 

[0025] The photocurabie hyaluronic acid derivative having an enhanced hydrophllic property according to the present 
IS Invention has the same chemical structure as that of the photocurabie hyaluronic add derivative obtained by the edDove- 
described conventional methods using a photoraactive crosslinking group, but is different In high-order structure (i.e., 
stereostructure) from that of the conventional photocurabie hyaluronic add derivatives. This results in different prop- 
erties therebetween. 

[0026] Therefore, the photocurabie hyaluronic acid derivative of the present invention can be cleariy distinguished 
20 from conventional ones by its high molecular disperslbllity In an aqueous solvent upon forming an aqueous solution 
thereof. More spedfically, the photocurabie hyaluronic add derivative of the present invention has such a feature that 
a 1 .0 wt.% aqueous solution of the photocurabie hyaluronic add derivative obtained by dissolving the solid photocurabie . 
hyaluronic add derivative in an aqueous solvent Is capable of passing through a porous filter having a pore diameter 
of 0.45 ^m and a diameter of 25 mm at a rate of not less than 2 mi/minute at 24''C under a pressure of 5.0 Kg/cm^. 
^ The high flltratabillty of the aqueous solution of the photocurabie hyaluronic acid derivative shows that the photocurabie 
hyaluronic add derivative has a high molecular disperslbllity in an aqueous solvent upon forming an aqueous solution 
thereof. The flltratabillty may be determined by comparing the concentration of the photocurabie hyaluronic acid de- 
rivative in the aqueous solution after passing through the filter with that before passing through the filter. In the case 
where the aqueous photocurabie hyaluronic add derivative solution of the present Invention is passed through the 
30 filter under the above conditions, the concentration of the photocurabie hyaluronic add derivative in the aqueous so- 
lution remains unchanged between before and after passing through the filter. The photocurabie hyaluronic add de- 
rivative of the present invention exhibits the following essential properties. 

[0027] In the conventional methods using a photoraactive crosslinking group, after the photoreactive crosslinking 
group is introduced Into hyaluronic add to obtain the photocurabie hyaluronic acid derivative, the resultant aqueous 

3S readion solution containing the photocurabie hyaluronic acid derivative is subjected to post-treatments such as ethanol 
precipitation, ethanol washing and drying, thereby obtaining a solid photocurabie hyaluronic add derivative. However, 
since the solid photocurabie hyaluronic add derivative has a considerably low water solubility as compared to that of 
the raw hyaluronic acid, it sometimes becomes difficult to sufficiently dissolve the photocurabie hyaluronic acid deriv- 
ath^e in the aqueous solvent again. In such a case, even though the porous fitter-passing through test is conducted to 

^ determine the molecular disperaibillty, the photocurabie hyaluronic add derivative cannot be passed through the filter. 
On the other hand, the photocurabie hyaluronic acid derivative of the present invention can show the substantially 
same water solubility as that of the raw hyaluronic add. Therefore, the solid photocurabie hyaluronic add derivative 
of the present invention can be dissolved in the aqueous solvent without insolublilzation or gelation. 
[0028] The photocurabie hyaluronic add derivative is used as a biomedical material, e.g. an antiadhesion material 

^ (preventing adhesions during or after surgery), space-occupying material, artifldal body fluid material (artlfldal synovial 
fluid, artificial tears and eye drops). 

[0029] Next, the photocured crossllnked-hyaluronic add derivative of the present invention will be described below. 
[0030] The photocured crosslinked-hyaluronic add derivative of the present invention (crosslinked product) can be 
produced by inadlating the above photocurabie hyaluronic add derivative of the present Invention with ultraviolet rays. 
so [0031] Since the photocurabie hyaluronic acid derivative having an enhanced hydrophllic property of the present 
Invention has the substantially same water solubility as that of the raw hyaluronic acid, the photocurabie hyaluronic 
acid derivative can be readily cast Into a desired mold or readily filled Into a container such as syringe, upon Irradiating 
ultraviolet rays thereonto. As explained above as to the molecular dispersibility. since the photocurabie hyaluronic acid 
derivative of the present Invention can be readily passed through the porous filter. Therefor©, by subjecting the photo- 
ns curable hyaluronic acid derivative to such a filtration before crosslinking readion thereof by the ultraviolet rays In^di- 
ation, it Is possible to readily rerhove foreign matters therefrom or subject the photocurabie hyaluronto add derivative 
to sterilization process, thereby fadlitating the production of a clean photocured crossllnked-hyaluronic acid derivative. 
[0032] The ultraviolet rays Irradiated may be selected from those having a wavelength capable of subjecting the 
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photoreactive crosslinking group to photoreaction without cleavage of glycoside bond of tlie liyaluronlc add, e.g., a 
wavelength of 200 to 600 nm. As a prefen-ed light source, there may be used a high-pressure mercury lamp or a metal 
halide lamp. These light sources are preferably provided with a cut filter for removing unnecessary wavelength rays 
emitted therefrom. As the cut filter, there is preferably used a special processed filter, but an ordinary hard glass fitter 

5 may also be used as the cut filter. 

[0033] The photocured crosslinked-hyaluronic acid derivative of the present invention may be of various configura- 
tions or forms depending upon concentration, crosslinking percentage and the like. In the case where photoreactive 
residues such as cinnamic acid or substituted dnnamic acids capable of fomiing dimers by photoreaction are used, 
the crosslinking percentage of the photocured crosslinked-hyaluronic add derivative can be expressed by a ratio (per- 

10 centage) of two times moles of resultant dimers to moles of the photoreactive crosslinking group introduced into hy- 
aluronic acid. 

[0034] Typical configurations or forms of the photocured crosslinked-hyaluronic acid derivative may include ambr- 
. phous fomns such as solution and gel, and shaped forms such as elastic bodies, e.g., sheets, films, pellets, tubes or 
the like. The above photocured crosslinked-hyaluronic add derivative gel may be more risadily produced by using the 

IS aqueous photocurable hyaluronic acid derivative solution as a raw material whose concentration is increased to 1.0 
to 3.0% by weight Whereas, the above elastic.bodies may be produced by irradiating the photocurable hyaluronic add 
derivative having a concentration as high as 3 to 10% by weight, with ultraviolet rays. More specifically, when the 
aqueous photocurable hyaluronic acid derivative solution having such a high concentration is subjected to crosslinking 
reaction, near-solid products, i.e., elastic bodies containing the aqueous solvent, can be produced. Meanwhile, the gel 

20 is generally defined as a polymer and a swollen material thereof which are insoluble in any solvent and have a three- 
dimensional network structure, and a swelled product of such a polymer (refer to "New-Edition Polymer Dictionary" 
published by Asakura Shoten, November 25, 1988, page 129). However, in the present specification, the "solution" is 
defined as those capable of being extruded from a 23-gauge injection needle at 24''C under a pressure of 5.0 Kg/cm^, 
and the "gel" is defined as those incapable of being extruded under the above conditions. 

25 [0035] Next, the photocured crosslinked-hyaluronic acid derivative solution having a high tread-fonnabllity according 
to the present invention will be described. Here, the high tread-formability Is a property exclusively exhibited by the 
solution only, and more specifically, means such a property capable of fomning a continuous thread having a length of 
usually not less than 3 cm which is formed without break frorn a tip open end of an 23-gauge Injection needle, when 
the photocured crosslinked-hyaluronic acid derivative-containing solution having a concentration of 1.0% by. weight is 

30 extruded from the injection needle at 24<*C at a rate of 0.2 ml/second in the direction of AS^ downward from a horizontal 
direction. It is known that a tread-formability of a hyaluronic acid solution is due to its polymeric property. However, the 
high tread-formability exhibited by tiie photocured crosslinked-hyaluronic acid derivative solution of the present inven- 
tion is considerably different from that of the conventional hyaluronic acid solution. The length of the thread formed 
from the tip open end of the injection needle is preferably not less than 5 cm, more preferably not less than 7 cm. On 

3B the contrary, in the case of the conventional 1 .0-wt.% h^uronlc add solution, the length of the thread formed is less 
than 1 cm. 

[0036] The above high tread-fonnability of the photocured crosslinked-hyaluronic add derivative solution according 
to the present invention can be obtained by appropriately controlling the concentration of the raw material (aqueous 
photocurable hyaluronic acid derivative solution) and the crosslinking percentage of the cross-linked product (photo- 
^ cured crosslinked-hyaluronic acid derivative solution) obtained by the ultraviolet inradlation. The concentration of the 
aqueous photocurable hyaluronic acid derivative solution and the crosslinking percentage of the photocured 
crosslinked-hyaiuronic add solution arie controlled to usually 0.1 to 1.0% by weight and 3 to 40%, respectively, pref- 
erably 0.3 to 1 .0% by weight and 4 to 35%. respectively, more preferiably 0.3 to 1 .0% by weight and 5 to 30%, respec- 
tively. 

^ [0037] The photocurable hyaluronic acid derivative having an enhanced hydrophilic property according to the present 
invention exhibits a high photocrosslinking efficiency, I.e., can be readjly crosslinked at a percentage as high as usually 
not less than 10%. preferably not less than 20%. Therefore, when the photocurable hyaluronic acid derivative is con- 
verted into the photocured crosslinked-hyaluronic acid derivative in the form of solution, gel or elastic bodies, these 
products can exhibit a high heat resistance as compared to ordinary hyaluronic acid and the conventional photocured 

so crosslinked-hyaluronic acid derivative. More specifically, the photocured crosslinked-hyaluronic acid derivative and its 
solution according to the present invention are free from deterioration in configuration or high tread-formability thereof 
even when subjected to moist heat sterilization at 121**C for 20 minutes which is one of guaranteed sterilization con- 
ditions required for drugs or medical equipment. The heat resistance tends to become higher as the crosslinking per- 
centage of the photocured crosslinked-hyaluronic acid derivative Is increased. When the photocured crosslinked-hy- 

55 aluronic acid derivative has a crosslinking percentage of usually 5 to 70%, preferably 1 0 to 80%* the obtained products 
can exhibit a high heat resistance, 

[0038] . in general, hyaluronic acid has a low heat resistance and. therefore, suffers from cleavage of glycoside bond 
thereof when subjected to moist heat sterilization at 121<'C, thereby causing decrease In its . molecular weight. The 
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good configuration and good properties exhibited by high-molecular weight hyaluronic acid are deteriorated or elimi- 
nated accompanied with the decreasing of the molecular weight of hyaluronic acid. On the contrary, the good config- 
uration and excellent properties exhibited by the photocured crosslinl<ed-hyaluronlc acid derivative of the present in- 
vention can be maintained without deterioration or elimination thereof even when the cleavage of glycoside bond is 
caused by the heat-treatment. Specifically, the photocured crossllnked-hyaluronlc acid derivative gel can be l^ept in a 
gelled state even after the moist heat sterilization, and the sheet produced from the photocured crosslinked-hyaluronic 
acid derivative can be kept in the fomi of a sheet even after the moist heat sterilization. It Is considered that such a 
high heat-resistance of the photocured crosslinked-hyaluronic acid derivative is mainly attributed to its three-dimen- 
sional networi( structure constituted from Intennoiecular bonds other than glycoside bond fomied by the photocrossllnk- 
Ing reaction. The photocured crosslinked-hyaluronic acid derivative Is used as a biomedical material, e.g., an antiad- 
hesion material (preventing adhesions during or after surgery), space-occupying material, artificial body fluid material 
(artificial synovial fluid, artificial tears and eye drops). 

[0039] In accordance with the present invention, there are provided a photocurable hyaluronic acid derivative having 
an enhanced hydrophllic property, and a process for produclrig the photocurable hyaluronic add derivative. Thus, the 
present invention can considerably contribute to the field of medical materials using hyaluronic add. 

EXAMPLES 

[0040] ExampliBs of the present invention are given below by way of illustration. 

(1) Flltratabllitvtest: 

[0041 ] A test sample was prepared by adjusting Its concentration to 1 .0% by weight using a 5 mM phosphate-buffered 
physiotogical saline. The thus obtained test sample was forced to pass through a porous filter having a pore size of 
0.46 nm and a diameter of 25 mm at 24*'C under a pressure of 5.0 Kg/cm2 to measure an amount (ml) of the test 
sample filtrated per one minute. Rank "A" is assigned to test samples having a filtratabllity of not less than 2 ml/min.; 
Rank "B" is assigned to those having a flltratability of less than 2 ml/min.; and Rank "C" is assigned to those having 
no filtratabllity. 

(2) Configuration test: 

[0042] The test sample (24«C) was filled In a 5ml syringe wfth a 23-gauge injection needle, and extruded through 
the injection needle at 24*^0 under a pressure of 5.0 Kg/cm2. Extmdable test samples were classified Into "solutions", 
and non-extrudable ones were classified Into "gels'. 

(3) Stringing (tiiread-formabllltv) test : 

[0043] A test sample was prepared by adjusting Its concentration to i .0% by weight using a 5 mM phosphate-buffered 
physiological saline. The thus prepared test sample (24*»C) was filled in a 5ml syringe witii a 23-gauge injection needle, 
and extmded through tiie injection needle at 24''C at a rate of 0.2 ml/second in the direction of 45° downward from 
horizontal, to measure a length of a thread formed from the injection needle witiiout break. Test samples capable of 
fomiing a break-free thread having a length of not less than 7 cm were expressed by "++"; ttiose capable of forming 
a break-free tiiread having a length of from 3cm to less than 7 cm were expressed by "+"; and those capable of fonning 
a break-free thread having a lengtii of less than 3cm were expressed by "-", 

(4) Decree of crosslinking agent substitution (PS) : 

[0044] The degree of a crosslinking agent substituted (DS) is expressed by percent of tine number of photoreacllve 
crosslinking groups introduced per a repeating dlsaccharide unit of hyaluronic acid. The amount of the hyaluronic add 
required for tiie calculation of the Introduction percentage was rheasured by a carbazole measuring mettiod using a 
calibration cun^e. In ttie case where cinnamic add or aminoclnnamic acid was used as a photoreactive residue of the 
photoreactive crosslinking group, the amount of cinnamic acid or aminoclnnamic acid is measured by absorptiometry 
(measuring wavelength: 269 nm) using a calibration cun^e, 

(5) Crosslinking percentage: 



[0045] The croissilnking percentage was measured as follows. That is. 1 g of a test sample was saponified with 1 ml 
of a 1 M sodium hydroxide solution. The obtained sdutlon was acidified and then extracted with ethyl acetate to obtain 
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substances (monomers and dimers) derived from the photoreactive crosslinklhg group. The thus extracted substances 
were anaJyzed by high perfonnnance liquid chromatography (HPLC) to measure an amount of the dimers by a calibration 
cufve method. Then, from the measured value, the percentage of the number of moles of the photoreactive crossllnking 
group in the dimers based on that of the photoreactive crossllnking group Introduced Into hyaluronic acid was calculated. 

(6) Viscosity: 



10 



IS 



20 



25 



30 



3S 



40 



[0046] The viscosity was expressed by the value (Pa s) measured at 25^C under conditions of 3*» x R14 and 1 ppm 
using an E-type rotational viscometer. 

Example 1 : (aminocinnamic acid derivative-introduced hyaluronic acid) 

[0047] 400 mg of sodium hyaluronate having a weight-average molecular weight of about 900,000 was dissolved In 
60 ml of water, and then mixed with 30 nil of dioxane. To the resultant solution was sequentially mixed 34 mg of N- 
hydroxysucclnimldeil mlofwater;29mgofEDCI*HCI;1 mlofwater;51 mgof4-(6-amlnohexanamlde)ethylclnnamate 
hydrochloride represented by the formula: HC|.H2N-(CH2)5CONH-Ph-CH=CH-COOCH2CH3. wherein Ph represents 
a phenyl group; and 1 nrti of water, at room temperature. The resultant mixture was stln-ed for 3 hours. 
[0048] The obtained mixture was further mixed with 1 ml of a 1M sodium hydroxide aqueous solution, stirred for 1 
hour and 30 minutes, and then mixed with 1 .6 ml of a 25wt.% sodium chloride aqueous solution. The resultant reaction 
solution was charged Into 300 ml of ethanol to precipitate a solid. The obtained solid was successively washed with 
80% (volTvol.) ethanol two times and then with ethanol two times, and then dried ovemight at 40*»C, thereby obtaining 
360 mg of a white solid (4-(6-aminohexanamlde)ethyi cinnamate bound hyaluronic add: "(4-(6-amlnohexanamlde)ethyl 
cinnamate bound hyaluronic acid-Is hereinafter refenred to merely as "aminocinnamic acid derivatlve-intrDduced hy- 
aluronic acid") as an aimed compound. It was confirmed that the degree of the aminocinnamic acid derivative substi- 
tution per a repeating disaccharlde unit of hyaluronic acid (DS) was 4.5%. The results of the flltratablllty test for the 
thus obtained compound are shown in Table 1. Meanwhile, the same procedure as defined above was conducted 
except that the 1M sodium hydroxide aqueous solution was not added, thereby obtaining an aminocinnamic acid de- 
rivative-Introduced hyaluronic acid having a degree of the aminocinnamic add derivative substitution of 4.5%. The thus 
obtained aminocinnamic acid derivative-introduced hyaluronic acid was used as a control 1 . 
[0049] Then, the aminodnnamic add derivative-introduced hyaluronic add was dissolved In a 5 mlV! phosphate- 
buffered physiological saline such that ttie concentration of tiie obtained sdution became 0.2 to 2.5% by weight cal- 
culated as hyaluronic add. Furttier, the resultant solution was charged Into a Pyrex-glass test tube having an inner 
diameter of 1 5 mm. and separately Interposed between a pair of Pyrex-glass plates whose dearance was set to 2 mm, 
and tiien In-adiated with ultraviolet rays for 20 minutes using a water-cooling ultraviolet In-adiating device (3kW metal 
halide lamp) to examine the configuration and thread fomnabiilty (for solution) of the obtained cross-linked product. 
The results are shown in Table 2. I^eanwhlie, hyaluronic add is hereinafter refened to merBly as "HA". 

Table 1 



Test sample 


RItratabllity 


Example 1 


A 


Control 


C 



45 



SO 



55 



Table 2 



HA concentration (wt. %) 


Configuration 


Thread fomnability . 


0.2 


Solution 




0.3 


Solution 


+ 


0.4 


Solution 


++ 


0.5 


Solution 


++ 


1.0 


Solution 


++ 


2.0 


Gel 


Not measured 


2.5 


Sheet* 


Not measured 
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Example 2: (cinnamic add derivative-introduced hyaluronic add) 

[0050] 500 g of a 1 wt.% aqueous solutfon of sodium hyaluronate having a weight-average molecular weight of 
900,000 was mixed with a mixed solution containing 250 ml of water and 375 ml of dioxane under stirring. To the 

5 resultant solution was sequentially mixed 860 mg of N-hydroxy sucdnimide; 2 ml of water (0.6 equivalent/HA disac- 
charide unit (mol/mol)); 717 mg of EDCI-HCI; 2 ml of water (0.3 equlvalent/HA disaccharide unit (mol/mol)); 903 mg 
of 3-aminopropyl cinnamate hydrochloride represented by the fonmula: HCI»H2N-(CH2)30CO-CH=CH-Ph, wherein Ph 
represents a phenyl group; and 2 ml of water (0.3 equlvalent/HA disaccharide unit (mol/mol)), at room temperature. 
The resultant mixture was stinred for 2 hours and 30 minutes. The obtained mixture was further mixed with 2.5 g of 

10 sodium hydrogen cariDonate and 50 ml of water, stirred for one day, and then mixed with 30 g of sodium chloride. 2 
liters of ethanol was charged into the resultant reaction solution to precipitate solid. The obtained solid was successively 
washed with 80% (vol./vol.) ethanol two times and then with ethanol two times, and then dried overnight at room 
temperature, thereby obtaining 5.24 g of a white solid (3-aminopropyl cinnamate bound hyaluronic acid: "3^aminopropyl 
dnnamate bound hyaluronic add" Is hereinafter refenred to merely as "cinnamic acid derivative-introduced hyaluronic 

15 acid") as an aimed cbmppund. It was confirmed that the DS of the cinnamic add derivative was 8.4% (see No. 5 of 
Table 3). Further, the same prociBdure as defined above was conducted except that the equivalent amounts of N- 
hydroxy sucdnimide (HOSu), EDCI*HCI and aminopropyl cinnamate hydrochloride were changed, thereby obtaining 
various cinnamic add derivative-introduced hyaluronic add (Nos. 1 to 4) having different introduction percentages from 
each other. 

20 [0051] Then, the cinnamic acid derivativerintroduced hyaluronic acid Nos. 1 to 5 were iBspectively dissolved in a 5 
mM phosphate-buffered physiological saline such that the concentration of the obtained respective solutions became 
1 .0% by weight calculated as hyaluronic acid. The thus obtained respective cinnamic acid derivative-introduced hy- 
aluronic add solutions were tested to examine the filtratability thereof. The results are shown in Table 3. Also, the same 
procedure for the produdion of the above compounds Nos. 1 to 5 as defined above was conduded except that the 

25 sodium hyaluronate having a weight-average molecular weight of about 900,000 as raw material and the mixture of 
2.5 g of sodium hydrogen carbonate and 50 ml of water were not added, thereby obtaining cinnamic acid derivative- 
introduced hyaluronic acid as controls. These controls were tested to examine the filtratability thereof. Meanwhile, the 
hyaluronic acid as a raw material showed a filtratability of ranic "A". 

30 



35 



40 



45 



so 



55 
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Table 3 

5 



20 



Con^ovmd No 


Equivalent amount, charged (mol/mol-HA 
disacchaxide unit) 


HOSu . 


EDCI • HCl 


Aminopropyl 
cinnainate 


1 


0.2 


0.10 


0.10 


2 


0.3 


0.15 


0.15 


3 


0.4 


0.20 


0,20 


4 


0.5 


.0.25 


0.25 


5 


0.6 


0.30 


0.30 



25 Table 3 (continued^ 



30 



Comppund No 


Degree of 
substitution 
(DS) 
{%) 


Filtratability 


cinnamic acid 
derivative- 
introduced 
hyaluronic acid 


Control 


1 


2.6 


A 


C 


2 


4.4 


A 


C 


3 


5.3 


A 


c 


4 


6.2 


A 


C 


5 


8,4 


A 


C 



[0052] As shown in Table 3, it was conf inned that the cinnamic acid derivative-introduced hyaiuronic acid hot treated 
with alkali (sodiunn hydrogen carbonate) exhibited no filtratability, while the alkali-treated cinnamic acid derlvative- 
Iritroduced hyaluronic acid exhibited a high flltFatabllity and, therefore, a high hydrophllic property. 
so [0053] iVIeanwhlie, as the DS of cinnamic acid derivative became higher (i.e., the hydrophobic property became 
higher), the amount of insolubies in the aqueous solvent was increased, and the obtained solution became rnore 
opaque. On the contrary, the cinnamic acid derivative-introduced hyaluronic acid of the present Invention exhibited a 
high filtratabitity and a high hydrophllic property and. therefore, a high triansparency. 

ss Example 3: (Various crosslinked hyaluronic acid derivatives) 

[0054] The same procedure as defined in Example 2 was conducted except that the 1 .0 wt.% mixed solution con- 
taining the cinnamic acid derivative-introduced hyaiuronic acid and the phosphate-buffered physiological saline was 
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irradiated with ultraviolet rays using a water-cooled ultraviolet irradiating device. Tiie results are shown In Table 4. 



Table 4 



5 


Cinnamic acid 

derivative - 
Introduced HA 


Ultraviolet rays 
irradiation time (mln.) 


Configuration 


Viscosity (Pa • s) 


Grossiinidng 
percentage (%) 




No.1 


30 


Gel 


28 


6.7 


10 




20 


Gel 


24 


5.3 




10 


Solution (Thread- 
formabllity: -h-) 


23 


3.4 






5 


Solution 


23 


2.2 


IS 


No.2 


30 


Gel 


38 


11.4 




20 


Gel 


35 


7.3 






10 


Gel 


24 


4.6 


20 




5 


Solution (Thread- 
formabiiity: ++) 


23 


3.1 




No.3 


30 


Gel 


44 


10.1 






20 


Gel 


35 


9.9 


25 




10 


Gei 


25 


5.4 






Solution (Thread- 
formabiiity: -m*) 


23 


4.5 




No.4 


30 


Gel 


45 


12.5 


30 




20 


Gei 


44 


10.2 




10 


uiei 


- 29 


. lO.l 






5 


Solution (Thread- 
formability: ++) 


24 


9.0 


35 


No.5 


30 


Gel 


59 


15.8 






20 


Gel 


50 


14.4 






10 


Gel 


35 


10.1 


40 




5 


Solution (Thread- 
formabiilty: ++) 


23 


6.7 



Example 4: (Influence by alkali with passage of time) 



[0055] One liter of a 1 wt.% aqueous solution of sodium hyaiuronate having a weight-average molecular weight of 
900,000 was mixed with a mixed solution containing 500 ml of water and 750 ml of dioxane. under stirring. To the 
resultant solution was successively mixed 1.721 g of N-hydroxy succtnimide; 4 mi of water (0.6 equivaient/I^A disac- 
charide unit (mol/mol)); i.433 g of EDCI«HCI; 4 ml of water (0.3 equivalent/IHA disaccharlde unit (mol/mpi)); 1.807 g 
of aminopropyl cinnamate hydrochloride represented by the formula: HC1«H2N-(CH2)30C0-CH=CH-Ph, wherein Ph 
represents a phenyl group; and 4 ml of water (0.3 equlvalent/HA disaccharlde unit (mol/mol)). at room temperature. 
The resultant mixture was stirred for 2 hours and 30 minutes. 

[0056] The obtained mixture was further mixed with 2.0 g of sodium hydrogen carbonate and 40 ml of water (0.2 g 
per 1 g of HA). After the elapse of 2, 3, 4, 6. 8 and 20 hours from the addition of the sodium hydrogen carbonate. 225 
ml of the reaction solution was sampled at each time. Each sampled solution was mixed with 6 g of sodium chloride, 
and 2 litere of ethahol was charged to the resultant mixture to precipitate a cinnamic acid derivative-introduced hy- 
aluronic acid. The obtained precipitate was successively washed with 80% (vol./vol.) ethanol two times and then with 
ethanol two times, and then dried overnight at room temperature, thereby obtaining a cinnamic acid derivative-intro- 
duced hyaluronic acid in the fomi of a white solid. Further, the same procedure as defined above was conducted except 
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that the sodium hydrogen carbonate was not added, thereby obtaining a cihnamic acid derivative-Introduced hyaluronic 
acid as a control. These sampies were tested to exanrtine the flltratability thereof. 

[0057] Then, the above respective samples were dissolved in a phosphate-buffered physiological saline such that 
the concentration of the obtained respective solutions became 1 .5% by weight calculated as hyaluronic acid. Also, the 
5 same procedure as defined above was conducted except that the amount of sodium hydrogen carbonate was changed 
to 1 g (0.1 g per 1 g of HA) and 5 g (0.5 g per 1 g of HA), thereby obtaining similar derivatives. These derivatives were 
measured by the same method as defined above. The. results are shown In Table 5. 



Tables 



Elapsed time after addition of sodium hydrogen 
carbonate 


Flltratability 


Amount of sodium hydrogen carbonate added (g per 1 g of HA) 




0.5 


0.2 


0.1 


0 


2 


A 


C 


C 


C 


3 


A 


c 


c 


4 


A 


c 


c 


6 


A 


A 


c 


8 


A 


A 




20 


A 


A 


A 



25 [0058] As shown in Table 5, It was confirmed that the cinnamic acid derivative-introduced hyaluronic acids not treated 
with alkali (sodium hydrogen carbonate) exhibited no flltratability, while the alkali-treated cinnamic acid derivative- 
Introduced hyaluronic acids were drastically enhanced in fiitFatabillty and, therefore, showed a high hydrophilic property. 

Example 5: (irrfluence of precipitation method on flltratability) 

30 

[0059] in order to confirm that the fittratabllity was not influenced by a method of separating the photocurable hy- 
aluronic acid derivative from its aqueous solution, the photocurable hyaluronic acid derivatives obtained by different 
precipitation methods were compared with each other as to the filtratabllity. 

[0060] More specifically, a compound (A) of the present Invention separated by precipitation method using ethanol 
35 after the addition of sodium chloride; a compound (B) of the present Invention separated by precipitation method using 
a saturated solution of sodium acetate In ethanol; and a bontrbl compound separated by precipitation method using a 
saturated solution of sodium acetate in ethanol but not alkali-treated were examined as to flltratability thereof (see 
Table 6). As a result, It was conflrmed that the control compound precipitated from the saturated solution of sodium 
acetate in ethanol without the alkali treatment could not exhibit any flltratability, i.e., the flltratability was not influenced 
40 by the kind of precipitation method. 



Tables 



Conripound to be tested 


Flltratability 


Compound (A) (present invention) 


A 


Compound (B) (present Invention) 


A 


Control compound 


C 



so [0061] ly^eanwhtle, tlie compounds (A) and (B) and the control compound were prepared as follows. 
(1 ) Preparation of compound (A) of the present invention: = 
[0062] 

55 

(1) 2,0 g of sodium hyaluronate having a weight-average molecular weight of 1,000.000 was dissolved in 300 ml 
of distilled water. After adding 150 ml of dioxane to the resultant solution, 344 mg of N-hydroxy succinimide (0.6 
equlvalent/HA disaccharide unit (mol/mol)); 286 mg of EDCWHCI (0:3 equlvalent/HA disaccharide unit (mol/mol)); 
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and 362 mg of aminopropyl clnnamate hydrochloride represented by the formula: HCWH2N 
(CH2y30CO-CH=CH-Ph, wherein Ph represents a phenyl group (0.3 equivalent/HA disaccharlde unit (mol/mol)) 
were sequentially added thereto. The resultant mixture was stirred for 2 hours and 30 minutes at room temperature, 
(ii) Then, the obtained mixture was further mixed with 1 .0 g of sodium hydrogen carbonate, and stirred for 3 hours. 
5 The obtained reaction solution was neutralized by adding 0.2 ml of a 2.25M acetic acid aqueous solution thereto, 

(ill) The neutralized solution was mixed with 1 2 g of sodium chloride and then with one liter of ethanol to precipitate 
a photocurable hyaluronic acid derivative. The olitained precipitate was successively washed with 80% (voiyvoi.) 
ethanol two times and then with ethanol two times, and then dried under reduced pressure, thereby obtaining the 
compound (A) of the present invention. 

10 

(2) Preparation of compound (B) of the present invention: 

[0063] After completion of the step (ii) for preparation of the compound (A) of the present invention,. 100 ml of the 
reaction solution was sampled and charged Into a saturated solution of acetic acid In ethanol, thereby precipitating a 
IS photocurable hyaluronic acid derivative. The obtained precipitate was washed with 80% ethanol two times and then 
with ethanol two times, and then dried under reduced pressure, thereby obtaining the compound (B) of the present 
invention. 

(3) Preparation of control compound: 

20 

[0064] After completion of the step (I) for preparation of the compound (A) of the present invention, 100 ml of the 
reaction solution was sampled and charged into a saturated solution of acetic acid In ethanol, thereby precipitating a 
photocurable hyaluronic acid derivative. The obtained precipitate was washed with 80% (vblTvol.) ethanol two times 
and then with ethanol two times, and then dried under reduced pressure, thereby obtaining the control compound. 

25 

Example 6: (crossllnked hyaluronic acid gel after moist heat-treatment) 

[0065] 500 g of a 1 wt.% aqueous solution of sodium hyaluronate having a weight-average molecular weight of 
900,000 was mixed a mixed solution containing 250 ml of water and 375 ml of dioxane under stirring. To the resultant 

30 solution was sequentially mixed with 860 mg of N-hydroxy succinimlde; 2 ml of water (0.6 equlvalent/HA disaccharide 
unit (mol/mol)); 717 mg of EDC1«HCI; 2 ml of water (0.3 equlvalent/HA disaccharide unit (mol/mol)); 903 mg of amino- 
propyl clnnamate hydrochloride represented by the formula: HCl*i-f2N(CH2)30CO-CH=CH-Ph, wherein Ph represerits 
a phenyl group; and 2 ml of water (0.3 equlvalent/HA disaccharide unit (mol/mol)), at room terriperature. The resultant 
mixture was stirred for 2 hours and 30 minutes. 

3S [0066] Then, the obtained mbcture was further mixed with 2.5 g of sodium hydrogen carbonate and 50 ml of water, 
stirred for one day, and then mixed with 0.676 g of acetic acid and then with 30 g of sodium chloride. 2 liters of ethanol 
was charged into the resultant reaction solution to precipitate a solid. The obtained solid was successively washed 
with 80% (volTvol.) ethanol two times and then with ethanol two times, and then dried overnight at room temperature, 
thereby obtaining 4.93 g of a white solid (cinnamic acid derivative-introduced hyaluronic acid), it was conflmied that 

^ the percentage of the cinnamic acid derivative Introduced per a repeating disaccharide unit of hyaluronic add was 8.8%. 
[0067] Then, the obtained cinnamic acid derivative-Introduced hyaluronic acid was dissolved in a 5 mM phosphate- 
buffered physiological saline such that the concentration of the obtained solution was i.5% by weight calculated as 
hyaluronic acid. Then, the resultant solution was charged into a glass syringe, and irradiated with ultraviolet rays for 
one hour using a water-cooling ultraviolet irradiating device, thereby obtaining a gel having a crosslinking percentage 

45 of 22.2% and a viscosity of 127 Pa*s. Further, the obtained photocured crossllnked hyaluronic acid derivative gel was 
subjected to moist heat sterilization at 121**C for 20 minutes. As a result. It was confinmed that the sterilized product 
was kept in a gelled state, and had ayiscoslty of 1 36 Pa*s. These results showed that the above photocured crossllnked 
hyaluronic acid derivative gel was substantially free from degradation. 

[0068] As discussed atK>ve, in accordance with the present Invention, there are provided a photocurable hyaluronic 
so acid derivative having an enhanced hydrophliic property, and a process for producing the photocurable hyaluronic acid 
derivative. Thus, the present invention can considerably contribute to the tieid of medical materials using hyaluronic 
acid. 



55 Claims 

1 . A photocurable hyaluronic acid derivative comprising hyaluronic acid and a photoreactive crosslinking group bond- 
ed thereto, wherein a 1 .0 wt. % aqueous solution of the photocurable hyaluronic acid derivative obtainable by 
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dissolving soiid photocurable hyaluronic add derivative In an aqueous solvent, Is capable of passing through a 
porous filter having a pore size of 6.45 iim and a diameter of 25 mm at a rate of not less than 2 ml/minute at 24^*0 
under a pressure of 5.0 Kg/cm^. 

2. The photocurable hyaluronic acid derivative according to claim 1 , wherein the photoreactive crossiinldhg group is 
derivable from cinnamic acid, substituted cinnamic acid or derivatives thereof. 

3. The photocurable hyaluronic acid derivative according to claim 1 or dalm 2. wherein the photoreactive crosslinking 
group is bonded to a cart^oxyl group of hyaluronic add. 

4. The photocurable hyaluronic acid derivative according to claim 3, wherein the photoreactive crosslinlcing group Is 
an aminoaikyi dnnamate residue. 

5. The photocurable hyaluronic acid derivative according to claim 4, wherein the aminoailcyi dnnamate residue Is 
IS represented by the formula (I) : 

Ph-CH=CH-C0-0-(CH2)n-NH (I) 

^ wherein n represents 3 to 4, Ph represents a phenyl group. 

6. The photocurable hyaluronic acid derivative according to daim 5, wherein the aminoailcyi dnnamate residue is 
bonded to a carboxyl group of hyaluronic add. 



25 



7. The photocurable hyaluronic acid derivative according to any one of claims 1 to 6, having a weight-average mo- 
lecular weight of 400^000 to 10,000,000. 



8. A proceiss for produdng a photocurable hyaluronic add derivative as defined in any one of daims 1 to 7, comprising 
treating an aqueous solution of hyaluronic add derivative having a photoreactive crosslinking group bonded thereto 

30 with alkali. 

9. The process according to claim 8, which further comprises neutralizing the alkali-treated aqueous solution. 

10. A photocured crosslinked-hyaluronic acid derivative produced by irradiating the photocurable hyaluronic add de- 
^ rivative as defined in any one of claims 1 to 7 with ultravioiet rays. 

11. A photocured crosslinked-hyaluronic acid derivative produced by irradiating an aqueous solution containing the 
photocurable hyaluronic add derivative as defined in any one of daims 1 to 7 in an amount of 0.1 to 1 0% by weight, 
with ultraviolet rays. 

40 

12. A photocured crosslinked-hyaluronic acid derivative solution produced by Irradiating an aqueous solution of the 
photocurable hyaluronic acid derivative as defined In any one of daims 1 to 7 with ultraviolet rays, wherein the 
photocured crosslinked-hyaluronic acid derivative solutksn having a concentration of 1 .0% by weight Is capable of 
fomning a continuous thread having a length of not less than 3 cm which is fonmed without break from a tip open 

^ ' end of an 23-gauge injection needle when extruded from the injection needle at 24*^0 at a rate of 0.2 ml/second 
In the direction of 45° downward from a horizontal direction. 



50 



13. A medical material comprising the photocurable hyaluronic add derivative or solution as defined in any one of 
claims 1 to 7 and 1 0 to 1 2. and a medically acceptable canier. 



55 
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